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INTRODUCTION 


The  effects  of  wind,  temperature,  and  density  on  a  projectile  are  easy  to 
understand.  Acquiring  the  necessary  meteorological  (met)  data  so  corrections 
can  be  applied  before  firing  the  projectile,  however.  Is  easier  to  talk  about 
than  to  do.  Often  a  weapon  will  be  fired  using  a  met  message  several  hours 
old,  or  a  projectile  will  be  fired  In  a  direction  opposite  to  that  which  the 
radiosonde  balloon  was  carried  by  the  prevailing  wind.  Because  the  balloon 
and  projectile  will  never  be  at  the  same  place  at  the  same  time,  the  met 
message  will  always  be  stale.  Also,  no  radiosonde  and  angular  tracking  system 
Is  completely  free  of  measurement  error.  Thus  we  will  always  be  firing  a 
projectile  using  met  data  that  Is  not  entirely  correct  for  the  current  time 
and  location.  The  purpose  of  this  stuc(y  Is  to  show  In  a  statistical  manner 
how  range  and  deflection  probable  errors  Increase  due  to  space-time  staleness 
and  to  measurement  uncertainty  of  the  ballistic  met  message  parameters.  The 
probable  errors  generated  for  this  study  were  attained  using  equations 
developed  by  Swingle*  that  describe  the  variability  and  measurement  errors  of 
the  ballistic  met  message  parameters. 

DISCUSSION 

There  are  four  basic  types  of  met  error  that  will  affect  the  range  accuracy  of 
a  field  artillery  weapon.  These  errors  are  (1)  time  and  space  variability  of 
ballistic  wind,  (2)  measurement  uncertainty  of  ballistic  wind,  (3)  time  and 
space  variability  of  ballistic  temperature  and  density,  and  (4)  measurement 
uncertainty  of  ballistic  temperature  and  density.  Because  of  the  relationship 
between  temperature  and  density,  as  seen  by  the  equation  of  state.  It  Is 
necessary  to  compute  the  combined  effect  of  their  variations. 

All  of  the  above  Individual  errors  In  the  met  data  will  be  expressed  as 
variances  for  the  range  and  deflection  components  of  trajectory.  The  sum  of 
the  range  and  deflection  variances  then  can  be  converted  to  standard 
deviations  and  finally  to  elliptical  probable  errors  of  the  range  and 
deflection  estimate.  Expressing  the  total  range  and  deflection  variances  In 
equation  form: 


X*  =  ST’RWV  +  RWM  +  ST*RTDY  +  RTDM 


(1) 


Y*  =  ST»DWV  +  DWM 


(2) 


♦Swingle,  0.  M.,  unpublished  work,  US  Amy  Atmospheric  Sciences  Laboratory, 
White  Sands  Missile  Range,  NM,  1979. 
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X*  «  total  range  variance  (a*) 

Y*  «  total  deflection  variance  (a*) 

ST  >  space- tlae  staleness  factor  (aln) 

RWV  *  range  lapact  variance  due  to  wind  variability  (a'/ain) 

RUM  ■  range  lapact  variance  due  to  wind  aeasureaent  error  (a1) 

RTDY  *  range  lapact  variance  due  to  teaperature  and  density  variability 
(a  Vain) 

RTDM  *  range  lapact  variance  due  to  teaperature  and  density  aeasureaent 
error  (a*) 

DWV  *  deflection  lapact  variance  due  to  wind  variability  (aValn) 

DUN  *  deflection  lapact  variance  due  to  wind  aeasureaent  error  (ax). 

Note  that  the  teaperature  and  density  contributions  to  the  deflection 
coaponent  of  error  haw  been  dropped  since  they  are  negligible  compared  to  the 
wind  effects. 

Mapy  studies1  *  *  of  wind  variability  In  the  last  30  years  have  focused  on 
finding  how  the  wind  vector  at  a  point  varied  In  tlae  or  how  the  wind  vector 
varied  froa  point  to  point  In  space  at  the  sane  Instant  In  tlae.  Studies*  * 
have  also  been  conducted  to  relate  wind  teaporal  and  special  variability.  The 
space-tine  relation  of  paraaeter  variability  Is  laportant  to  this  study  since 
we  want  to  show  how  accuracy  of  the  weapon  systea  Is  affected  by  special  as 
wall  as  teaporal  staleness  of  the  ballistic  aat  aessage.  Since  a  slaple 
scaling  factor  Is  used  to  equate  special  and  teaporal  variation,  the  special 
staleness  of  the  aat  aessage  due  to  the  separation  between  the  radiosonde  and 
the  projectile  can  be  expressed  as  a  staleness  In  tlae.  The  wind  studies*  at 


lLowentha1,  M.(  and  R.  Belluccl,  "Variability  of  Ballistic  Winds,"  ECOM-3529, 
US  Amy  Electronics  Coamnd,  Fort  Nonaouth,  NJ,  1970. 

a0urst,  C.  S. ,  "The  Variation  of  Wind  With  Tlae  and  Distance,"  Geophysical 
Maaolr  No  93,  UK  Meteorological  Office,  1954. 

'"Exercise  Suaaarwlnd  In  the  Meppen  Area  (West  Geraany),”  Met  Working  Paper  No 
1,  NATO  Report,  4-20  July  1966. 

'"Report  on  Exercise  Suaaarwlnd  by  Denaark  and  the  Netherlands,"  Mat  Working 
Paper  No  85,  NATO  Report,  1971. 

'Arnold,  A.,  and  R.  Belluccl,  "Variability  of  Ballistic  Meteorological 
Parawters,"  Tech  Maw  M-1913,  US  Amy  Signal  Corps  Engineering  Laboratories, 
Fbrt  Nonaouth,  NJ,  1957. 


Meppen,  West  Germany,  Indicate  an  equivalence  In  ballistic  wind  variability 
between  1  h  In  time  and  30  km  In  distance.  This  can  be  simplified  to  a  2-min 
time  Interval  being  equivalent  to  a  special  separation  of  1  km.  This  scaling 
factor  will  certainly  vary  some  from  dqy  to  day  and  from  location  to  location, 
but  the  value  of  the  2  mln/km  will  be  used  for  this  study  since  it  was 
obtained  In  the  NATO  area  and  Is  comparable  In  magnitude  to  the  results  found 
by  others.' 

He  can  now  define  the  total  space-time  factor,  used  In  equations  (1)  and  (2). 
representing  the  total  space  and  time  age  of  the  met  Information. 


ST  *  2*S  +  T 


(3) 


where 

S  ■  the  separation  of  balloon  and  projectile  when  both  are  at  the 
projectile's  maximum  trajectory  ordinate  (km) 

T  3  the  time  Interval  between  the  measurement  of  the  met  data  and  the 
firing  of  the  artillery  weapon  (min) 

The  factor  2  which  multiplies  S  Is  the  scaling  factor  In  mln/km  that  relates 
space  to  time  variation.  The  variability  In  wlndspeed  due  to  a  separation  of 
1  km  In  space  between  points,  then.  Is  approximately  equivalent  to  the 
variability  during  a  2-nrin  time  Interval  at  a  single  point. 

In  the  above  expression,  T  Is  the  time  between  measurement  of  the  met 
parameter  and  the  firing  of  the  weapon  by  the  artilleryman.  The  actual 
measurement  of  wind,  temperature,  and  density  Is  made  throughout  the  layer 
from  the  ground  up  to  whichever  ballistic  line  the  projectile  will  reach. 
Depending  on  the  thickness  of  the  layer,  the  balloon  could  take  10,  20  or  more 
minutes  to  reach  the  altitude  of  the  desired  ballistic  line.  A  question 
arises,  then,  as  to  which  point  In  time  we  take  as  the  time  of  measurement. 
For  this  stuc(y  It  was  assumed  that  the  measurement  time  occurs  when  the 
radiosonde  balloon  reaches  the  altitude  that  corresponds  to  the  midpoint  or 
maximum  ordinate  of  the  projectile  trajectory.  Factors  contributing  to  the 
time  staleness  of  the  met  data  are  time  spent  tracking  the  balloon  above  the 
ballistic  line  of  Interest,  computation  of  the  ballistic  met  message,  lag 
before  broadcast  of  the  met  message,  and  the  lag  between  broadcast  time  and 
firing  time. 

A  number  of  factors  will  affect  the  special  staleness,  S,  In  equation  (3), 
also.  These  factors  Include  relative  position  of  met  station  and  weapon. 


'Engebos,  Bernard  F.,  "A  Least  Squares  Approach  to  Missing  Meteorological 
Data,"  ASL-CR-82-0008-1,  US  Amy  Atmospheric  Sciences  Laboratory.  White  Sands 
Missile  Range,  NM,  1982. 
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firing  direction  of  the  weapon,  balloon  ascent  rate,  ballistic  line  the 
projectile  will  reach,  and  often,  most  Importantly,  the  speed  and  direction  of 
the  wind.  Although  spaclal  staleness  Is  Improved  when  the  balloon  path  and 
projectile  trajectory  are  close,  space  staleness  can  be  quite  large  when  the 
firing  direction  Is  opposite  that  of  the  mean  wind  and  drift  of  the 
radl osonde. 

A  brief  explanation  concerning  the  calculation  of  terms  In  equations  (1)  and 
(2)  Is  Included  to  further  clarify  the  text. 

1.  The  Impact  variance  due  to  wind  variability  Is  found  by  multiplying 
the  coefficient  of  ballistic  wind  variability*  (Kn2/m1n)  times  the  space-time 
factor  (min)  times  the  square  of  the  unit  effect  of  a  range  or  deflection  wind 
(mVkn*).  (Unit  effects  were  obtained  from  the  proper  firing  tables). 2 

2.  The  temperature  and  density  variability  term  in  equation  (1)  is  found 
by  multiplying  the  combined  error  per  unit  staleness  due  to  temperature  and 
density  variability*  (m2/m In)  times  the  space-time  factor  (min). 

3.  The  combined  variance  due  to  temperature  and  density  measurement 
uncertainty  was  computed  using  a  lengthy  equation*  involving  temperature  and 
density  random  and  bias  measurement  errors. 

4.  Impact  variances  due  to  wind  measurement  were  calculated  by 
multiplying  the  ballistic  wind  component  measurement  variance*  (kn2)  times  the 
square  of  the  unit  effect  of  a  range  or  deflection  wind  (m2/kn2). 

These  ballistic  wind  component  measurement  variances,  for  an  AN/GMD-1  tracking 
system,  were  calculated  by  Swingle*  for  balloon  ascent  rates  of  300  m/mln,  400 
m/mln,  and  500  m/mln.  This  variance  Includes  the  error  In  balloon  height 
measurement  as  well  as  balloon  tracking  error.  There  is  quite  a  difference  In 
these  variances  depending  on  balloon  ascent  rate  and  the  ballistic  line 
number.  Table  1  lists  these  error  variances  for  each  balloon  ascent  rate. 
The  major  source  of  the  error  from  the  tracking  system  arises  from  angular 
errors  because  of  ground  reflections  of  the  radiosonde  signals.  The  tracking 
error  Is  a  function  of  balloon  elevation  angle  and  Is  less  serious  for  a  fast 
rising  balloon  than  for  a  slower  rising  balloon. 

With  the  appropriate  Information  at  hand,  the  total  range  and  deflection 
Impact  variances  given  by  equations  (1)  and  (2)  can  now  be  calculated.  Taking 
the  square  root  of  the  variance  yields  the  standard  deviation,  and 
multiplication  by  the  constant  factor*  1.1774  converts  the  standard  deviation 
to  the  elliptical  probable  error  of  the  range  and  deflection  estimate.  These 
range  and  deflection  probable  errors  represent  the  50  percent  confidence 
limits  for  a  population  of  projectiles  fired  at  a  fixed  target.  In  other 
words.  If  a  number  of  shells  were  fired  at  a  target,  50  percent  of  the  shells 
would  land  In  an  ellipse  centered  on  the  target  with  a  major  radius  equal  to 


♦Swingle,  0.  M.,  unpublished  work,  US  Army  Atmospheric  Sciences  Laboratory, 
White  Sands  Missile  Range,  NM,  1979. 

’Firing  Tables,  FT  155-AM-l,  1972,  FT  8-0-4,  1967,  Department  of  the  Army, 
Washington,  DC. 
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TABLE  1. 

BALLISTIC 

TRACKING 

WIND  COMPONENT  VARIANCE  (Kn* 
SYSTEM 

)  FOR  AN  AN/GMD-1 

Ballistic 

Number 

Line 

Balloon  Ascent 

Rates 

300  m/aln 

400  m/mln 

500  m/mln 

1 

.047 

.071 

.101 

2 

.010 

.009 

.009 

3 

.016 

.011 

.009 

4 

.033 

.022 

.017 

5 

.163 

.052 

.038 

6 

.804 

.071 

.051 

7 

3.505 

.219 

.092 

8 

2.685 

.549 

.132 

9 

145.239 

.773 

.137 

10 

184.254 

1.979 

.216 

11 

212.168 

3.149 

.274 

12 

258.732 

4.113 

.419 

13 

255.730 

2.366 

.515 

14 

193.627 

1.125 

.424 

15 

142.338 

1.031 

.301 

the  range  probable  error  ami  with  a  minor  radius  equal  to  the  deflection 
probable  error.  Again,  It  should  be  pointed  out  that  these  probable  errors 
are  only  the  result  of  variability  and  measurement  uncertainty  of  the  met 
parameters;  they  do  not  represent  errors  due  to  lack  of  correction  for  the 
meteorology,  variations  In  muzzle  velocity,  variations  In  angle  of  departure, 
etc. 


RESULTS 

Real  meteorological  sounding  data,  from  Munich,  Germany,  In  the  early  spring 
of  1976,  were  used  for  the  probable  error  calculations.  In  calculating  the 
probable  errors,  the  numbers  of  possible  combi  nations  of  range,  weapon, 
charge,  and  balloon  ascent  rate  are  enormous.  This  problem  was  reduced  to  a 
manageable  size  by  considering  only  some  of  the  larger  error  cases.  Since  the 
unit  effects  Increase  with  range,  the  tests  made  were  for  long  ranges  and 
larger  charges  for  the  155-mm  and  8-1  n  weapon  systems.  It  was  also  assumed 
that  the  target  and  gun  were  at  the  same  altitude.  For  each  range,  a  low  and 
high  trajectory  test  was  conducted,  showing  the  Increased  error  when  firing  to 
a  higher  maximum  ordinate.  To  demonstrate  the  effects  of  wlndspeed  on  the 
errors,  data  for  several  days  of  high  winds  (1  Jan  and  21  Jan),  low  wind  (8 
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Feb),  and  a  baseline  test  with  no  wind  were  generated.  All  examples  assisted  a 
balloon  ascent  rate  of  400  m/arfn.  All  of  these  assumptions  seen  realistic  for 
a  battlefield  situation.  Table  2  shows  the  firing  scenarios  for  the  eleven 
cases  In  which  errors  were  calculated. 


TABLE  2.  FIRING  SCENARIOS  FOR  THE  MET  DATA  FREQUENCY  STUDY 


Case 

Date 

(1976) 

Time 

(LST) 

Weapon 

Range 

Charge  (km) 

Trajectory 
Max  Ord 
(km) 

Mean  Wind 
(kn) 

Ballistic 

Wind 

(kn) 

1 

21  Jan 

1200 

8  In 

7 

15 

2.890 

44.86 

46.44 

2 

21  Jan 

1200 

8  In 

7 

15 

7.544 

62.77 

73.04 

3 

21  Jan 

1200 

8  In 

5 

10 

1.550 

40.78 

48.65 

4 

21  Jan 

1200 

8  In 

5 

10 

4.919 

52.64 

58.82 

5 

21  Jan 

1200 

155  mm 

8 

16 

3.056 

45.21 

52.14 

6 

21  Jan 

155  mm 

8 

15 

8.648 

64.86 

70.97 

7 

21  Jan 

1200 

155  mm 

6W 

11 

1.865 

42.96 

48.65 

8 

21  Jan 

1200 

155  mm 

6W 

11 

5.306 

54.35 

62.97 

9 

Imaginary 

8  In 

7 

12 

1.445 

0.00 

0.00 

10 

8  Feb 

1200 

8  In 

7 

12 

1.445 

2.87 

3.28 

11 

1  Jan 

8  In 

7 

12 

1.445 

44.12 

46.25 

For  each  test  the  tine  staleness  was  varied  fron  0  to  360  srin  and  the  spaclal 
staleness  was  varied  fron  0  to  60  km.  The  smaller  values  of  staleness,  while 
not  realistic  to  the  battlefield,  show  the  amount  of  nlnlnun  error  due  to 
measurement  uncertainty.  A  complete  array  of  the  probable  errors  for  the 
entire  special  and  temporal  range  mentioned  above  Is  given  In  tables  In 
appendix  A  for  all  the  cases  listed  In  table  2. 

Figure  1  shows  range  probable  error  versus  time  staleness  for  a  constant 
spaclal  staleness  of  20  km  for  cases  1  through  8  listed  In  table  2.  As  one 
would  expect  the  larger  errors  occur  for  the  longer  ranges  and  higher  winds 
because  unit  effects  Increase  with  range,  and  wind  variability  Increases  with 
wlndspeed.  The  lines  In  this  figure  are  nearly  straight,  as  one  might  expect 
from  the  linear  relationship  of  time  (In  the  space-time  factor)  to  range 
variance  In  equation  (1).  The  slope  of  the  probable  error  curve  Is  slightly 
larger  at  the  low  age  end  of  the  graph  than  for  the  high  end,  but  the 
difference  Is  small.  Obviously,  the  optimum  age  for  met  data  so  far  as 
accuracy  Is  concerned  will  be  as  small  as  possible,  since  fresher  met  data 
will  be  used  and  met  parameter  variability  will  be  reduced.  However,  the 
Information  In  the  figure  Is  useful  since  the  graph  does  quantify  the  error  as 
a  function  of  time  lag.  Another  Interesting  feature  of  this  graph  Is  that 


I 


range  probable  error  does  not  vanish  even  If  there  Is  no  tine  separation 
between  measurement  and  firing.  Part  of  this  error  Is  due  to  the  20  km  of 
special  staleness  In  this  example;  the  remaining  amount  of  error  Is  due  to  the 
measurement  uncertainty  of  wind,  temperature,  and  density. 


|  IV, 


U  IN 

u 


•  CASES 

•  CASES 

•  CASE  I 

.  CASET 

•  CASE* 

•  CASES 


n  M  M  N  IN  IS  IS  240  SN  SN 

TIME  STALENESS  (Min) 

Figure  1.  Range  elliptical  probable  error  versus  time  staleness  while  the 
spaclal  staleness  was  fixed  at  20  km  (cases  1  through  8). 

Figure  2  shows  deflection  probable  error  versus  time  staleness  for  cases  1 
through  8  In  table  2.  Again  a  spaclal  separation  of  20  km  was  used,  these 
errors  are  not  as  large  as  the  range  errors  nor  do  they  Increase  quite  as 
rapidly  with  Increasing  temporal  staleness,  but  similar  to  range  error  they  do 
Increase  In  a  nearly  linear  manner.  The  main  reason  these  deflection  errors 
are  smaller  than  the  corresponding  range  errors  Is  that  the  unit  effects  for 
the  crosswind  component  of  wind  are  quite  a  bit  less  than  for  the  range  wind 
component.  Recall,  too,  that  temperature  and  density  effects  were  small  for 
the  deflection  component  and,  consequently,  were  neglected. 

The  effect  of  special  staleness  on  range  probable  error  Is  shown  In  figure 
3.  For  these  examples  the  time  staleness  was  fixed  at  2  h  while  the  spaclal 
staleness  was  varied.  Similar  to  figure  1,  and  for  reasons  previously 
discussed,  the  error  Increases  with  range  and  wlndspeed.  These  error  curves 
are  quite  linear,  but  the  dependence  of  the  error  on  space  Is  a  little  weaker 
than  the  dependence  on  time  as  shown  In  figure  1.  The  main  reason  for  the 
weaker  dependence  Is  that  In  the  space  and  time  scales  of  the  battlefield,  the 
variability  of  wind  In  time  Is  usually  greater  than  In  space.  Recall  that  a 
2-mln  change  In  time  Is  approximately  equivalent  to  a  1  km  change  In  space.  A 
typical  met  spaclal  staleness  Is  about  25  km  and  a  typical  time  staleness  from 
measurement  to  use  Is  about  3  h.  Using  the  above  rule  the  staleness  owing  to 
met  spacing  Is  2  nrln/km  times  25  km  or  50  min,  while  the  staleness  owing  to 
time  Is  180  min. 
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SPACIAL  STALENESS  (Km) 


Figure  3.  Range  elliptical  probable  error  versus  special  staleness  while  the 
tine  staleness  was  held  at  2  h  (cases  1  through  8). 
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Figure  4  Is  a  graph  of  deflection  probable  error  versus  special  staleness 
while  the  tine  lag  was  fixed  at  2  h.  The  deflection  probable  errors  are  again 
less  than  the  range  probable  errors.  Also  note  that  the  slopes  of  the  lines 
In  figure  4  are  not  as  large  as  those  In  figure  2  since  met  parameter 
variability  In  time  Is  usually  greater  than  In  space. 

To  further  access  the  effects  of  wlndspeed  on  probable  error,  several  trials 
were  conducted  wnere  ballistic  wlndspeed  ranged  from  moderate  to  an  Imaginary 
case  with  no  wind  while  all  other  parameters,  like  range  and  quadrant 
elevation  (QE),  remained  constant.  The  firing  scenarios  used  were  cases  9, 
10,  and  11  from  table  2. 

Figure  5  shows  both  the  range  and  deflection  probable  error  versus  time 
staleness  for  a  constant  spaclal  staleness  of  20  km.  Again,  errors  Increase 
with  wlndspeed,  the  rate  of  error  growth  Increases  with  speed,  and  errors  do 
not  disappear  In  the  absence  of  wind  since  there  Is  still  a  measurement 
uncertainty  even  when  we  have  measured  no  wind.  Also  temperature  and  density 
contributions  to  the  error  are  still  left  In  the  case  of  range  probable  error. 

Figure  6  shows  plots  of  probable  error  as  a  function  of  spaclal  staleness 
while  the  time  lag  was  held  at  2  h.  The  errors  In  this  figure  are  linear  with 
distance,  and  the  size  of  the  error  Is  directly  related  to  wlndspeed  since  all 
other  met  and  firing  conditions  remain  constant  for  these  cases.  Again  the 
probable  error  rate  of  change  In  space  Is  less  than  the  change  In  time  for  the 
space  and  time  scales  In  these  examples. 

Trying  to  separate  the  Individual  effects  of  wind,  temperature,  and  density 
when  viewing  these  graphs  Is  quite  difficult.  To  Illustrate  their  effects, 
the  Individual  range  and  deflection  Impact  standard  deviations  as  a  function 
of  space  and  time  have  been  listed  for  cases  9  and  11  of  table  2  In  appendix 
A.  Note  that  the  errors  due  to  measurement  remain  constant  as  time  or  space 
Is  varied.  This  occurs  since  the  error  Is  made  at  the  time  of  measurement  and 
does  not  depend  on  when  the  measured  value  Is  used.  For  a  moderate  ballistic 
wind,  case  11,  the  errors  due  to  met  variability  are  dominant  over  the 
measurement  errors  with  the  range  wind  variability  error  being  the  largest. 
However,  even  with  no  wind  as  In  case  9,  the  range  wind  variability  Is  still 
the  dominant  error.  This  Illustrates  the  Importance  of  knowing  the  current 
wind  no  matter  tdiat  Its  value.  For  these  examples  temperature  and  density 
variability  and  measurement  errors  were  both  Important,  but  wind  measurement 
error  was  quite  small. 


CONCLUSIONS 

This  study  seems  to  reinforce  what  Is  already  known:  variability  of  ballistic 
wind  Is  the  largest  source  of  met  error  for  artillery  weapons;  but  errors 
caused  by  temperature  and  density  variation  can  make  substantial  contributions 
to  the  total  error,  especially  when  winds  are  light.  The  contribution  to  the 
total  error  because  of  wind  measurement  Is  highly  dependent  on  balloon  ascent 
rate  and  the  ballistic  zone  to  which  measurements  are  made.  Using  a  balloon 
with  a  300  m/mln  ascent  rate  when  making  measurements  above  ballistic  zone  8 
can  produce  tremendous  errors  as  seen  by  the  measurement  uncertainties  listed 
in  table  1.  While  the  results  of  this  study  Indicate  what  the  optimize  spaclal 
and  temporal  frequency  for  obtaining  met  data  Is,  as  one  would  expect,  as 
often  as  possible,  the  study  Is  useful  In  quantifying  errors  that  do  exist. 
The  user,  then,  can  decide  what  trade-off  Is  best  for  a  particular  battlefield 
situation. 
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APPENDIX  A 


Tables  A-l  through  A-ll  present  range  and  deflection  elliptical  probable 
errors  as  a  function  of  spaclal  and  temporal  staleness  for  all  cases  listed  in 
table  2  In  the  text.  Tables  A-12  through  A-15  present  the  Individual  range 
and  deflection  Impact  standard  deviations  as  a  function  of  space  and  time 
staleness  for  cases  9and  11  In  table  2  In  the  text. 
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TABLE  A-2.  RANGE  AND  DEFLECTION  ELLIPTICAL  PROBABLE  ERRORS  (METERS) 


r 

V 

s 

c-  O' 

LTI  "J 

>  43 

<T  O' 

O'  P4 

<r  in 

O'  O' 

33  W 

rv  *"* 

-a  N. 

>0 

43  «■ 

N  lO 

EN  LO 

03  LO 

30  «C 

O'  43 

O'  43 

9  S'. 

<«h  03 

04  03 

fO 

ro  ~J 

ro  "J 

fO  04 

ro  oj 

ro  04 

ro  04 

ro  04 

'T  04 

^  r-j 

oj 

UJ 

<L  *? 

Z  in 

•H  • 

e 

S3  S' 

SO  vl 

O'  i/i 

<T  03 

O'  04 

T  l/i 

O'  O' 

O'  >0 

>  nj 

0*  O' 

A  N 

o 

ro  oj 

<r  ro 

<r  ro 

LO  <0 

in  <r 

>3  <T 

43  <r 

O'  m 

S'  o 

OS 

SO 

TO  04 

ro  oj 

ro  04 

ro  oj 

ro  04 

ro  04 

ro  04 

ro  04 

ro  04 

ro  04 

MAX  0 

o 

io  <■ 

O-  C3 

i/I  oj 

vi  'O 

O  S3 

04  ^ 

33  O' 

c-  m 

S'  04 

•S'  S' 

O  9 

9  9 

vi  vi 

04  vi 

04  04 

ro  04 

ro  04 

<r  ?0 

LO  T 

43  7 

-J 

ro  oj 

fO  oj 

M  04 

ro  ?4 

ro  04 

00  04 

ro  04 

ro  04 

ro  04 

ro  04 

O 

ro  rv 

e  04 

O'  o 

ro  -h 

9  LT» 

' 0  O' 

ro  -r 

i/I  04 

43  •=> 

CD  E4 

Id 

4?  \ 

s*  ro 

O'  ca 

ro 

O'  o. 

O'  O' 

9  S 

vi 

04  04 

ro  04 

39 

2S  JS 

i-l 

04  vi 

04  vi 

04  -W 

04  vi 

04  'H 

04  vi 

ro  04 

ro  04 

ro  04 

ro  04 

« 

U 

o 

O  04 

GO  O' 

4)  04 

ro  n 

o  04 

O'  -0 

ro  >H 

43  S' 

S'  33 

vi  4) 

sn 

o-  43 

43 

l/l  O' 

43  O' 

O'  CD 

O'  S3 

3  O' 

O'  S' 

9  O 

04  '-i 

04  'H 

04  -H 

04  vi 

04  vt 

04  vi 

04  -h 

04  vi 

04  vi 

ro  04 

ro  oj 

o 

43  in 

•T  vl 

04  43 

o  04 

03  S' 

43  04 

SO  N 

S'  '0 

9  m 

ro  <r 

CD  04 

*4 

vi  -T 

04  !/l 

ro  m 

-43 

43 

LT1  N 

4)  !N 

S'  ro 

O'  > 

o  o 

E(MIL 

1060. 

04  vi 

04  vi 

04  v> 

04  vi 

M  vi 

04  vi 

04  vi 

04  vi 

04  vi 

ro  oj 

a 

e 

S3  43 

go  ro 

S'  O' 

43  in 

if  vt 

04  4) 

O  OJ 

43  OJ 

9  04 

ro  -i 

> 

00  04 

vi  vi 

O'  *o 
*i  tI 

o  ro 

04  vi 

'H  -C 

Cd  vi 

04  tn 

04  -rl 

ro  in 

04  -vi 

tr  o 

OJ  vt 

in  S' 

04  ft 

S'  ro 

04  vi 

03  £> 

04  vl 

£  o 

o 

in  <r 

S'  04 

GO  O' 

GO  -43 

go  ro 

Es  S' 

43  I/I 

0J  43 

ro  s. 

ro  S' 

IS  9 

>0 

in  o 

'O  vi 

S'  vi 

CD  04 

S'  »o 

=  ro 

vi  T 

ro  in 

<r  4) 

43  Sb 

"i  O 

id  ’ 

ca  in 

Z  vi 

«4 

vi  vi 

vi  vi 

-rl  v« 

vi  vl 

0J  yi 

04  -H 

04  vi 

04  vl 

04  vi 

as 

o 

ro  in 

O'  'O 

ro  Ln 

m 

S'  04 

03  S> 

ro  43 

S'  O' 

<r  vi 

O  OJ 

ro 

Vi  S' 
«4 

04  30 

vi 

vi 

in  o 

-n  v< 

43  vi 

vi  yi 

S'  f 

vi  vi 

00  04 

vi  vi 

S3  ro 

04  vi 

04  LO 
04  vi 

<r  -a 

?J  Vi 

in  * 

in  <o 

in  e 

ti  ti 

43  vt 

O'  o 

vi  ro 

0J  43 

ro  o 

vi  04 

as  v 

A 

<r  43 
Id  a 

A  'H 
0!  £ 
<r 

-H 

cd  in 

9  > 
vi 

04  CO 

«i 

ro  O' 

Vi 

S3 
vi  vl 

43  S3 
ri  <H 

S'  vl 

vi  -H 

O'  ro 

vi  vt 

vt  <r 
04  vi 

oj  in 

0J  vi 

3 

e 

S3 

*  OJ 

ro  cd 
tv  <r 

in  ro 

O'  43 

ro  in 

vi  Ps 
Vi 

129 

86 

ro  in 

S' 

vi 

1/1  •* 
in  o 

vi  vi 

ro  > 

S'  vi 

vi  vl 

ro  ro 
O'  ro 

■H  <H 

43  in 

vi  if 

04  vi 

z  z 

H  Ji 

Zvoeo 
—  CO 
COO) 

CO  Id 
UJ  Z 
Z  UJ 
UJ  -J 

_l  <c 

«  H  O 
H  CO 
CO 

UJ 
UJ  u 
£  « 
vh  a. 

H-  CO 


ac  a  os  a 


as  A  as  A  os  A  os  A 


BALL.  WIND <KT)  WD  M8MT  VNC(KT*2)  AR (M/M IN) 

WEAPON  73.04  1.979  4u0 

NO  BOMI’LETS 


HRR 


$ 

h- 


x 

V 


UJ 


a  0 
z  in 

a  ** 

C£ 

O 

•x 

<c 

x 


O  55  05 

no  o  in 

r5  cu 


o  on 
o  o-  in 


>o 


—  o  •s 

^  n  ^ 

0  <h 


44  o- 

m 

cu 


!*5 

O'  0 


<r  o* 
n  <r 


UJ 

3 

as  in 
□ 


S  <H 
«•  rr 


o  c3 

in  roro 


44  ~5 

in 


O'  > 
ro  'o 


05  <r 
— i  • 
-t  ly 
X  "H 

~  m 

iu 

3 


9  O  T 

0  cu  n 


o  <r  t> 
cs  00 


in  in 
cu  rO 


O  ~H 

44  ro 

44 


X 

5£ 

UJ 

3 

X 

■« 

os 


o  in  -r 

•O  CO  cu 


9  ON 

ro  -jo  'rt 


CU  UJ 
O'  cu 


IS  cu 


a 

«  <4 
Ul  O 

X  44 

os  x 
« 


in  ro  cu 


>0  4* 


in  in 
in  <** 


in  o 
ro  -h 


as 
UJ 
N 
r- 
X  M 
O  3 

S§ 

UJ 


:  x 

i  x 

:  ~  os  a 
co 


05  CO 
CO  UJ 
Ul  X 

x  u 

Ul  _J 
-I  <t 
^  H 
CO 


OS  Q 


■H  CO 


UJ 
UI  CJ 
X  « 

M  cu 

I-  CO 


m 


4T  O 

44  >0 

0 

N  »4 

44  <4 

CU 

>  CU 

4H  -0 

0 

CU  0 
->j  >0 

0 

225 

63 

8  0 

IO  '0 

0 

0  <j 

.•"0  -o 

0 

O  in 
o>  in 

44 

O'  'O 

O'  m 

44 

OJ  N 

o  in 
cu 

in  » 
o  m 

0 

0  co 

O  0 

0 

4?  9 

44  -fl 

cu 

O'  0 

44  -O 

0 

N  O 

N  .5 

44 

9  *4 

0  in 

*4 

<r  cu 

0  in 

44 

n  ro 

o  m 

44 

o  ro 

O'  10 

44 

■O  0 

O'  n 

44 

0 j  N 
8  0 
0 

in  «r 

in  ♦ 

44 

0*  in 
in  ^ 

44 

ro  >o 

'O  4f 

44 

NO  n 
nO  ^ 

44 

8  co 

N  rf 

44 

N  9 

N  ?_n 

44 

4?  0 

C?0 

ro  9 

*r  t 

44 

IS  44 

<r  t 

44 

44  ro 

in  v 

44 

in  o- 
in  *t 

44 

O'  0 

0  T 

44 

>0  S 

43  -r 

44 

4T  O'¬ 
'S 

44 

9  >0 

ro  ro 

■rt 

<r  0 

ro  *o 

4-1 

O'  O' 
ro  n 

44 

ro  8 

«T  t 

44 

N  44 

O-  t 

44 

0  T 

0  T 

44 

ro  >o 

>0  T 

44 

in  cu 

44  ro 

44 

O  4f 

CU  ro 

4-1 

0  0 
cu  ro 

44 

e  >o 

ro  ro 

44 

«•  0 

ro  ro 

44 

ro  o 

4T  •T 

44 

44  ro 
0  o- 

44 

0  0 

O'  CU 

4J-  O' 

osu 

44 

O  44 

44  ro 

44 

00 
44  ro 

44 

O  4f 

0  ro 

44 

8  4) 

ro  *o 

44 

O'  O' 

ro  ro 

44 

a  rj 
N  CU 

U5  4T 

0  0 

cu  o 

O'  cu 

0  0 

O'  0 

V  O' 

8  CJ 

44 

0  0 

44  ro 

44 

0  0 
0  ro 

44 

in  0 

<4  44 

«T  44 

S0 

CU  ro 

0  CU 

O'  0 
0  0 

0  N 

O'  0 

N  9 

O  *0 

44 

QfO 
44  ro 

44 

O'  <9> 

^  -*4 

O  Ps 
*4  44 

e  o 

S  CU 

0  0 

S  0 

0  4T 

0  0 

0  0 

O'  0 

e  44 

44  ro 

44 

as  a 

OS  O 

fiS  0 

at  a 

oe  a 

as  a 

os  a 

o 

in 

e 

0 

a 

o 

o 

44 

(VI 

04 

ro 

0 

9  X 

<?  o 

0 


m  ro 

CU  'O 

.•  I 


03  S3 

9  n 

cu 


9  ?0 

!V  f/t 

44  ’ 


co  in 


9  53 
IN  T 


O'  in 
in  4r 


N  -« 

v  «r 


V  3 

ro  *o 


0  >0 
cu  ro 


cu  ro 


os  a 


22 


BALL.  WIND(KT)  WD  MSMT  VNC<KT*2>  AK (M/MIN) 

WEAPON  48.65  052  400 

NO  B0MBLETS 


X 

o 

;n  is 

o  CO 

P5  :— 

s-  m 

“4  <f 

■C  ■'0 

=;  > 

m  0-i 

ifi 

>C 

-H  ** 

CJ  ^ 

CJ  cj 

C J  CJ 

04  0J 

m  04 

m  04 

<•  cj 

*T  PD 

LTi 

ro 

ro 

CM  ^ 

CJ 

CJ  *H 

CJ  *«-i 

04  "H 

?j  ft 

04  -! 

CM  ^ 

CJ  '•"i 

CJ 

^-i 

lu 

!—  > 

**■< 

Z  CP 

o 

cd  <» 

sH  CD 

iT» 

CD  PJ 

-i-i  m 

IP 

N  n 

m  ® 

CP  fO 

<r 

sO 

a  ^ 

o 

0s  ® 

O  CD 

o  ^ 

O  M-i 

■*4  ft 

ft  x-4 

04  04 

0J  CJ 

PD 

CJ 

C£ 

'0 

C-J 

CJ  '•“» 

CJ  -c* 

04 

04  ft 

04  --• 

04  ■*■= 

CJ  ^ 

CJ 

**■"« 

o 

X 

<r 

o 

■s  m 

■>H  C* 

•  !*»  0s 

C3  ft 

CJ 

m  m 

a  <s 

if!  o 

yri  ro 

N  N 

■* 

N  > 

£3  O' 

3  O' 

3  « 

&*  o 

O'  ® 

O'  ® 

®  r4 

H  »ri 

•»4  "<4 

CJ 

•*4 

•<n 

•»4 

ft  •<-! 

•H 

04  'H 

C  J 

04  ft 

o 

*r  m 

3  m 

04  N 

sO  Cc 

CD  W 

■r  m 

n  m 

if.  O' 

cj  ro 

3 

CD 

if!  03 

in  3 

sO  3 

•43  00 

N  C^ 

N  N 

N  O' 

9  > 

On  o 

O'  ® 

•*4 

>rt 

ft 

<H 

■«-! 

ft 

•rt 

-rt 

ft  fi 

o 

O  if! 

m  3 

O'  ® 

*t  m 

CD  in 

04  N 

O  S' 

m 

xH  CS 

CO  •rS 

5/1 

4T  IN 

<r  n 

<r  3 

if!  3 

LD  CO 

•O  3 

O  3 

N  S' 

o  > 

CD  -® 

•rl 

-*4 

•rt 

**•*» 

<*4 

ft 

•«4 

•r4 

*r4 

•»4  >ri 

■Z. 

ft 

r  o 

CD 

•43  03 

ft  ® 

^3  m 

®  in 

tn  CD 

O'  S3 

<r  m 

04  N 

O  **-{ 

S',  in 

\  ® 

CJ 

04  v3 

tO  N 

m  n 

T  N 

N 

«T  3 

m  3 

O  3 

i\  O' 

N  > 

.■c  <?  00 

*H 

•H 

ft 

■rt 

ft 

«H 

•ri 

••4 

•rt 

'C* 

x-l 

f— 

S£  iii 

<t  _ 1 

» 

O 

S'  O' 

m  04 

o  m 

'C  9 

^  O 

'O  m 

®  m 

O'  o 

CD  in 

O  O' 

ac 

o 

> 

o  in 

ft  <3 

04  'O 

04  O 

ro  n 

m  n 

<r  n 

4f  S3 

in  co 

<!  3 

ca 

•*4 

•r4 

«H 

ft 

ft 

ft 

ft 

*H 

ft 

o 

04  Z 

< 

o 

O'  03 

•4J  04 

m  in 

C-  O' 

iP  PJ 

o  m 

< 3  9 

o  to 

m  cd 

<r  m 

h- 

MD 

00  •'T 

O'  m 

o  in 

®  in 

^  -C 

04  -43 

04  •43 

m  n 

-T  Cs 

if!  3 

•«H 

ft 

M-l 

•»4 

■*4 

ft 

•c4 

3  O' 

z 

m 

i_ 

o 

*T  T 

m  n 

04  T 

O'  3 

•Ji  cj 

m  m 

O'  S' 

o  if! 

O 

O  if! 

t 

P3 

•43  m 

n  m 

3  <r 

00  -T 

>  in 

O  If! 

O  if! 

04  '0 

ro  «s 

4}-  N 

00 

ft 

w4 

ft 

'H 

•»4 

r 

in  <3  in 

ft  *r  04 


®  m  n 


os 

H4  v 

£  -»  os  a 
w  cn 

u 

to  w 

N 

9  111 

H 

u  z 

Z  !-4 

Z  Ui 

O  3 

ill  -i 

a.  O 

-4  « 

<1  3 

<E  I-  O 

ill 

!-  U3 

3  -rt 

to 

<C 

HI 

o 

111  o 

ft 

£  <E 

ft 

M  C. 

£ 

t-  00 

o  <r  wo  m  -o  m  OJ 

®  m  >o  no  m  n 


oo-h  moo  ▼  m  O'  cvi  ^  ©*3  mm  mcu  «o  a 

m  n  mrj  -o  m  n  m  9  <■  co<r  ®  m  ^so  04  o 


os  ®  k  o  os  o  on  a  os  Q  as  Q  at  o  as  a  at  a 


TABLE  A-5.  RANGE  AND  DEFLECTION  ELLIPTICAL  PROBABLE  ERRORS  (METERS) 


u 

ca 

cs  oo 

<r 


o  >  oj 

3  O'  •»-i 


<r  "0 

O  d 

04  ft 


o  O' 

-H 

oj 


LTI 

d 

04 


oj 


o  <T 

04  04 
04  d 


LP  O' 
04  04 
04  d 


O'  =5 
04  *9 
04  d 


O'  m 

ro 

04  d 


S3  -0  i/> 


T  -T 

04  d 


NO  W  I 

in  T 

04  d 


40 


04  ro 

03  O 


03  '0 
a  ss 


ro  o 

O'  GS 


O'  04 
O'  ■ri 


O"  '0 

O  d 

04  d 


04 


•_n  d 
■rt  04 
04  d 


in  > 

04  04 
CVi  -<-i 


<r  ro 

?o  ro 

r«i 


fO  CD 
V  >3 
04  d 


3  -43 
_i  • 

J-«  00 
X  d 
%->  m 
u 

3 


x  o 

x  o 

■d  O 

UJ  . 

-J  ,0 

Z  d 
<C 


04 


O 

<C  O' 
LU  o 

4.  "H 

a  c  x 
<c 

3 


ro 


ro  04 

>0  O' 


<r  03 


o  in 
d  >o 


«r  'O 
ao  -»r 


Lfl  d  19 

■H  n0  03 


*H  n0 

CM 


z  x 


QC 

hi  as 

X  W  DC  « 
■w  CO 

UJ 

CO  CO 

N 

CO  u 

h- 

UJ  z 

Z  M 

Z  UJ 

O  3 

Ul  -i 

a-  O 

-4  « 

«  X 

■C  H  O 

UJ 

H-  CO 

3  d 

CO 

<1 

UJ 

O' 

UJ  u 

o 

£  « 

d 

M  G. 

X 

H-  CO 

O'  -3 
'O  O' 

ft 

n0  O' 

O'  O' 

d 

04  03 

3  » 

>H  «r( 

108 

1.06 

ro  O' 

O'  O 

ft  ft 

O'  04 

O'  ft 

ft  rl 

o  Cs 

ft  ft 

04  ft 

O  -T 

04  04 

04  ft 

O'  => 

04  ro 

04  -d 

X  => 
\  S3 
X  -r 

Q£ 

c 

O'  91 
<*  ® 

' d 

NO  oo 

in  ® 

ft 

03  04 
•O  O' 

d 

O'  'O 
•43  O' 

d 

>0  O' 

O'  O' 

•rl 

04  ro 

3  S3 

ft  ft 

ro  O' 

O'  = 

•*— !  ft 

<r  •a 

O  -d 

04  -d 

in  ft 

ft  04 

04  ft 

04 

< 

in  o 

04  O' 
d 

o-  in 
n  O' 

d 

d  O 
’t  3 
«l 

O' 

» 

d 

>0  3 

in  3 

ft 

ro  04 
-J3  O' 

ft 

-43  O' 

O'  O' 

ft 

3  -4) 

3  S3 
-d  -d 

O'  04 

O'  -d 

ft  ft 

t— 

3C 

CJ  O' 
Z  d 

3  OJ 

'O  ro 

O'  in 

>0  o 
o  -o 

d 

'O  m 

d  >0 
d 

m  ® 

04  Cs 

ft 

<t  in 
ro  O' 

d 

ft  o 

<T  3 

ft 

O  3 

U"l  3 

d 

O'  -  9 
>0  > 
ft 

04  ro 

C3  o 

•d  d 

V- 

X 

u3 

X 

Q 

3 

ts  0J 
rs  f 

o  a 
O'  in 

ft  'O 

o  in 

ft  04 
ft  -43 

ft 

d  3 

04  O 

ft 

O'  ro 

04  is 

ft 

in  04 
<r  3 

•d 

O  S3 
O  O' 

d 

ro  cs 

IN  O' 

■d 

W 

d  O' 

in  oj 

O'  m 
>0  >9 

9-  ,o 
oo  <r 

~o  ro 
O'  in 

>0  o 
o  <0 

ft 

'O  tn 

d  -0 
d 

<r  3 
ro  rs 

ft 

O'  <*- 
3 
«d 

ro  oj 

•43  O' 

ft 

k 

%✓ 

o 

Z  d 

Id 

3  OJ 

.  in 

1 

o c  Q 

a  Q 

QC  Q 

oc  a 

ac  a 

oc  a 

oc  a 

oc  a 

oc  a 

-J 

<c 

a 

in 

o 

in 

d 

e 

04 

in 

04 

o 

ro 

o 

«r 

o 

in 

o 

O 

24 


z 

3 

a. 

<z 

UJ 


*'■-»  -*  ->■  -■ 


NO  B0MKLETS 


TABLE  A-7.  RANGE  AND  DEFLECTION  ELLIPTICAL  PROBABLE  ERRORS  (METERS) 


Z 

zc 

■w 

UJ 

—  m 

<L  O 

Z  CO 

5  * 

OS 

a 

o 

-C 

vn 

04  03 
04 

nO  'O 

04  33 

04 

O'  N 
04  33 

04 

04  ffi 

M  33 

04 

m  o 

M  O' 

04 

3D  'H 
*5  o* 

04 

rr  O' 

04 

42  V 

V  O' 

04 

04  'O 

m  O' 

04 

N  CO 

m  N 

04 

o 

M  CO 
o  N 

04 

N  O' 

»  N 

s‘<i 

o  o 
*  C2 

04 

M  * 

*  03 

04 

v2  n 
- 1  33 

04 

>  ♦ 

*  03 

04 

M  m 

04  33 

04 

O'  N 
04  33 

04 

m  o 

M  O' 

04 

O  04 
<T  N 
04 

MAX 

9 

04  N 

o  * 

O'  04 

M  » 

•o  m 

®  *Q 

M  33 

s  © 

<3  M 

m  m 

•*03  04  C2 

04  04 


<=>  N  o  04  04  ON)  o  Lfl  <•  <3  003  04  O'  O' 04  -o  m  M  23 

3?  m  O  *0  -0  <5  0  N  O  N  o  N  O  O  C  O  N  --  3%  ®  N 


«=  in  CO  N  MO  No  04  04  OM  ®  m  OO  O  *  M  T 

'.o  <r  m  -<r  m  mm  in  o  o  o  o  o  is  o  is  o  eo  is  on 


»  o  o-  <r  -h  om  <r  m  on  mo  no  om  «ro  04  n 
04  04  -t  m  in  Mm  m  m  mm  m  <3  o  > o  no  00 


o  *  M  N  m  MN  O'  O'  <r  *  IN  m  <T  LI  MOB  04  04  O  m 

n  *  t  *  -«■  04  t  04  <r  Mm  Mm  *•  m  m  m  oo  no 


o  *  m  o  03  mo 

<3  IN  M  O'  M  o  <T 


*  M  N  m  MN  CS  IN  (N  ro  CDN  No 

*  t  *  -r  oj  04  *■  Mm  ^  m  mo 


o  mm  t  co  m  04  *  m  go  ra  mo  *  m  mn  -t  *  ^-m 

M  O  04  N  04  COM  O'  M  NM  cs  T  -i  *  04  «■  Mm  in 


a 

15 

WAR HE A 
Mi  07 

o 

ac 

X  X 

W  i£ 

X  -> 

~  CO 

u 

CD  CO 

SI 

10  UJ 

H 

UJ  X 

X  M 

X  UJ 

O  3 

UJ  -1 

O.  o 

-J  « 

«  X 

5  H 

Ul 

1-  CO 

3  * 

CO 

<E 

UJ 

M  *  m  04  0  04  N  04  COM  O- M 


:  «  os  <a  os  a  a :  s»  a:  a  a  Q  nc  o  gc  o  oc  Q  ac.  a 


O'  UJ  u 

o  ru 

*  M  £. 

r  i-  to 


BALL.  WIND(KT)  WD  MSMT  VNC<KT*2>  AR (M/MIN) 

WEAPON  40.65  .052  400 

NO  80MBLETS 


5, 

1 

UJ 

v-  o 
<r  s 

2  M 

*— i  • 

O  0*  sO 

m  a 

!S  -v 

3  V 

s0 

a  a 

PJ  vi 

Cs  in 

sO  o 

*-j  <f 

l 

' . 

a  W 

o  m  in 

<r  in 

so 

m  so 

uT  «0 

;n  '0 

O  ts 

.0  CN 

cn  a 

a  a 

as 

a 

tO  PJ  vi 

PJ  vi 

PJ  Vi 

pj  -*h 

PJ  vi 

PJ  vi 

PJ  vi 

PJ  vi 

PJ  vi 

PJ  vi 

4 

*  i 

X 

' 

z 

2 

o  ^  a 

3  PJ 

M  LT< 

n  a 

y4  ^ 

in  m 

O'  so 

CN  V 

<r  o 

Pj  vi 

k 

■y  «-<  "T 

vi  T 

PJ  T 

PJ  T 

M  Si 

rt  S 

M  S- 

V  sO 

m  so 

sO  ts 

1  — 

,\i  CVI  vi 

PJ  vi 

PJ  vi 

PJ  vi 

Cvi  vi 

PJ  vi 

PJ  vi 

PJ  vi 

PJ  vi 

Pj  vi 

K  oo 

“  «  oe 

.  UJ 

J  Jr 

,>  ¥ 

O  tfl  vi 

o  <■ 

in  ts 

e  «* 

in  ■9- 

0s  ts 

<r  o 

m  in 

vi  vi 

Os  s0 

UJ 

ui  a  vj 

US  Pj 

0»  PJ 

3  M 

3  M 

3  M 

vi  <r 

PJ  T 

M  in 

M  S> 

:J  oo 

13 

*y 

vi  vi  vi 

fl 

vi  vi 

PJ  -rt 

PJ  vi 

PJ  Vi 

PJ  Vi 

PJ  Vi 

PJ  Vi 

PJ  -i 

ae 

L  o 

1  ee 

£ 

3  a: 

cj 

3  ^ 

8  O'  vi 

in  <r 

o  03 

in  vi 

3  <r 

in  ts 

8  Vi 

Cs  CN 

a  pj 

ts  a 

0  UJ 

10  sO  vi 

CN  vi 

CO  vi 

a  pj 

CS  CJ 

Os  PJ 

3  M 

o  M 

vi  "Tf 

pj  ^r 

S  si 

-H  ’H  ■H 

vi  vi 

vi  vi 

vi  <H 

vi  vi 

vi  vi 

PJ  vi 

PJ  vi 

PJ  vi 

PJ  vi  . 

«r 

2 

8 

sp“  m 

y  * 

3  PJ  O' 

a  m 

if  l\ 

Os  vi 

in  c 

3  CO 

m  vi 

in  cn 

m  t 

■9-  8 

J-  w 
\  C5 

CO  Cn 

PJ  ui  O' 

in  as 

s0  a 

<}  -• 

ts  vi 

a  vi 

a  pj 

O'  PJ 

3  M 

vi  -T 

t  t  to 

1  < 

_J  • 
w  Cs 

vi  vi 

v-i  vi 

vi  vi 

vi  Vi 

vi  vi 

vi  vi 

vi  vi 

vi  vi 

PJ  vi 

PJ  Vi 

*w* 

LlI 

y 

2  ^f 

<r  _j 

::  h- 

v  o 

& 

a. 

LlI  vi 

x: 

r.  *1 

3 

O  PJ  sO 

CS  o 

in  m 

CVI  0s 

a  m 

if  ts 

CS  vi 

O  C3 

o  <r 

8  vi 

o 

’•  —j 

>  MO 

n  cs 

0s 

in  os 

in  3 

>0  o 

s3  vi 

a  vi 

0s  PJ 

O  “5 

A 

— J 

ii  “ 

vi 

vi 

vi 

vi 

vi  vi 

vi  vi 

vi  vi 

vi  vi 

vi  vi 

PJ  vi 

^  3 

1  * 

rj  x 

J  o 

< 

n  J-1 

V* 

J- 

x  o 

O  O  O 

rv  >0 

*r  vi 

PJ  sO 

O'  3 

in  in 

PJ  0s 

■c  CN 

in  < 

in  vi 

V/ 

w 

UJ 

x  o 

■J3  C3  IN 

v*  IN 

cvi  a 

M  a 

M  O' 

os 

in  cs 

sO  => 

IN  vi 

a  pj 

•W' 

%  e! 

V  o 

UJ  • 

vi 

vi 

•*4 

vi 

vi 

vi 

vi 

vi  vi 

Vi  vi 

vi  vi 

cj  ro 
z 

V  g 

U  -H 

2  vi 

r>  in 

|  1 

■a 

ae 

O  O  3 

Os  O 

&>  *T 

a  o 

ts  s0 

<r  vi 

PJ  s3 

m  i.n 

a  m 

O'  vi 

j— 

X 

M  IS  1.0 

a  m 

0s  s0 

3  CS 

vi  ts 

pj  a 

m  a 

cs 

in  8 

-0  vi 

CS) 

“i  1 1 1 

vi 

vi 

vi 

vi 

vi 

vi  vi 

vi  vi 

X 

to 

ae 

a 

*•  < 

3 

BC 

P> 

Lrt  vO  iv 

Vi  VO 

M  ♦ 

*■  vi 

a 

PJ  M 

vi  cs 

m  a 

O'  CN 

vi  m 

,0  . 

a 

-h  in  m 

CN  'T 

ra  in 

O'  s0 

O  s0 

vi  ts 

PJ  ts 

m  a 

>0  8 

I"'  CO 

<E  tv 

vi 

vi 

Vi 

vi 

vi 

vi  vi 

t*  1 

UI  o 

_  < 

2  vi 

v 

0 £  X 

W 

UJ 

« 

V/ 

■  4  «*JI 

%  CD 

3 

e  0s  vi 

CN  vi 

if  CVI 

a  3 

os  a 

O'  ^■ 

a  a 

ST  vi 

O'  o 

PJ  O' 

< 

vi  vi 

«r  m 

so  <r 

ts  in 

a  m 

O'  so 

8  ts 

pj  a 

M  O' 

in  O' 

a  Cn 

:• 

w* 

.vs 

vi 

vi 

vi 

vi 

2  O' 

M 

3  PJ 

,  <• 

2  X 

.  sO 

i  # 

M  * 

* 

mmmt 

XvKQ 

o:  a 

ae  a 

oe  a 

oe  a 

ae  a 

oe  a 

oe  a 

oe  a 

ae  a 

_l 

p 

ae 

v  to 

<c 

■  n 

UI 

CO  CO 

a 

•1 

N 

CO  UJ 

H* 

UJ  z 

2  M 

2  Ui 

T 

O  3 

UI  J 

-1 

a.  o 

-J  <C 

<r  x 

<C  b-  o 

in 

o 

m 

o 

in 

8 

8 

e 

8 

4 

UJ 

H  CO 

vi 

vi 

CVI 

pj 

M 

in 

sO 

3  -H 

(0 

2 

t 

« 

UJ 

O 

O' 

UJ  O 

5i 

e 

X  <c 

vi 

M  C. 

?  *  * 

d 

X 

H  <0 

3 

fc*yvvi>i 


•9 


e  o  co 

Cv  O'. 

O  O' 

O'  O 

e  e 

.cH 

ra  *4 

a  ** 

ec 

a 

X 

sr 

s  wo  ra 

4  P0 

>0  ca 

o  n 

ts.  n 

Ps  n 

S'  *0 

£ 

e  Cn  ID 

o  '0 

•n  >0 

«  O' 

<5-  fs 

ID  CO 

wO  CO 

v"  LTl  ra 

ra 

>o  ra 

•43  ra 

o  ca 

•ao  ra 

*0  ca 

o  ra 

O  PJ  CM 

n  w 

<9-  M 

O  <T 

IS  *■ 

C3  ID 

O'  ID 

id 

2£  rs 
<c 

0 

s  id  cj 

•H 

Ln  ca 

i°  ra 

id  ca 

id  ca 

id  ca 

id  ca 

O  ts.  S> 

O*  r< 

®  <h 

ca  ca 

n  n 

<r  n 

'O  <r 

ID  V  CM 

<r  ra 

in  ra 

id  ca 

ID  CJ 

id  ra 

id  ca 

o  no 

<T  O' 

'O  O' 

N  o 

a  *4 

cm  ca 

E<MILS 

360.1 

cm  <r  -H 

'H 

<*■  >H 

ca 

<  '•a 

id  ra 

id  ca 

3 

a  03  *0 

O'  <o 

W  O 

■»  cs 

•O  (S 

IS  e 

&■  n  -h 

n  •*« 

<  -n 

<r 

— 1 

4T  CM 

x  o 

o  cm  n 

»  <r 

O  ID 

o  >o 

O'  «0 

N 

ro  CD 

x  o 
v  a 
Ui 

a  cm 

X  >*4 

-I 

>o  n 

n 

n  -w 

n  <h 

n  -h 

4T  *4 

«■  ~4 

at 

o  <  O' 

P'  o 

>  ca 

CM  w 

» t 

•O  Ul 

a  'O 

n  cu 

CVI  -rt 

CM  'H 

n  •* 

n  -4 

n 

n  »4 

ID  <s  wo 

n  o 

nO  e 

CD 

■*  CM 

w  w 

ID  «■ 

ARHEAD 

M106 

•H 

CM 

ca  <h 

CM  <h 

n  * 

n  >h 

n  -a 

3 

e  n  <h 

N  ID 

"H  fs 

▼  O' 

O'  e 

O'  CM 

cm  n 

•H 

z  s 

IH  x 

-H 

CM 

CM 

CM  <rt 

CM  <H 

n  44 

oe 

Ul 
N 
h 
Z  M 
O  3 
a.  o 

Z  ~  a:  a 
~  0) 

(1)  (0 

Cl)  u 

Ui  z 
z  ui 

Ul  -1 

-i  <r 

oe  a 

u  a 

oe  a 

oe  a 

oe  a 

at  a 

<C  Z 

«  H  © 

ID 

o 

ID 

o 

ID 

® 

Ul 

3  -h 

1-  CD 

CD 

>H 

CM 

CM 

n 

a  oe  a  oe  a 


ID  >0 


BALL, WIND(KT)  WD  MSMT  VNC<KTA2>  AR  <M/i11N) 
WEAPON  0.00  .022  400 

NO  BOMBLETS 


1 


4 

.V 


o  NN  O  O  PJ  o  T  d 

o  t  P*  3  fs  3  3  1/13 

fO  <d  >d  "d  d 


N  PJ  »■  T  *<  W  O  rs.  o&.  t  P J 

3  3  3  3  0  3  O  3  ;n3  m> 


o  pj  c*  in  »-•  npj  o  ro  pj  m  30  ps  Ps  pj  9  p*  pj  « in 

t  ro  >o  mcs  mn  t  >  t  N  t  n  «r  n  3  ~  33  o  “ 

?J'd<d<d<d'ddx-4x-lx-fx-l 


T  o  Ps  PJ  O  fO  P0  in  sO  O  >3  P4  0*  N  f  J  PJ  3 

«d  O,  •<■(  -.p  P4  -C  P4  a  PJ  £  pj  3  wj  ~  ro  P.  T  p„ 


o  3  to  3  n 
3  o  3  o  3 


•ho  to  rv  p4  ofi  -5  in  O'  3  3  -h 

•d  3  XX  o  -d  o  PJ  <3  P4  >0  P4  >0  rO  Ps 


-d  o  t  O'  n  xx  -d  ro  33  S3N 

3d  PI  Os  T  Gfs  3  03  03  0  3 


O  d  PJ  03  ops  T  (h  Ps  -d 

Os  COT  COT  Os  T  Os  T  Os  3 


I O  T  =  o  rO  OsO  P4  Os 

1 3  <d  >o  pj  -a  pj  so  ro  so 


ro  33  *d©  Ps  pj  ro  3 

3  03  -d  3  -d  sC  PJ  sO 


X  O  o  Ps3  PJ  Ps  pso  -d  pj  03  OPs  TOs 

aco  O  s0<0  Ml  PsT  3  T  3T  O'  T  Os  T 


•d  ro  3  Ps  To 

0  3  0  3  d  O 


a i  o  33  33  -d  PJ  ps  3  PJ  Ps  pss» 

ro  t  pj  3  pj  o  ro  oro  mi  nt 


■d  PJ  O  Ps  Ps  d  3  3 

3  T  Os  T  Os  3  0  3 


3  3  Ps  T  PJ  PJ  sO  3o  T  PO  OO  TCP  TT  PJ  CD  Os  PJ 

d  (Od  T  PJ  3  PJ  3rO  sO  »0  PsPl  Ps|>0  3  T  OsT  Os  3 


O  ro  d  O  T  OO  33  3  3  -d  pj  ps  3  Ps  o  03  T  Os 

•d  ro  d  T  PJ  T  PJ  3  PJ  sOfO  «OfO  Ps  T  3T  OsT 


oc 

Z  X 
*d  * 

X  ~  oe  Q 
W  w 

u 

to  to 

N 

3  LJ 

Ul  Z 

Z  M 

Z  3 

O  3 

LU  -1 

CL  O 

_i  <x 

«  X 

<1  !-  O 

Id 

t-  3 

3  d 

3 

<r 

U 

o 

UJ  o 

d 

X  <c 

d 

•d  Q. 

X 

H  3 

■t* h«:w 


BALL.  WIND<KT)  WD  MSMT  VNC<KTA2)  Art < M/M1N) 

WEAPON  46.25  .022  400 

NO  BOMBLETS 


BALL.  WIND(KT)  SPACIAL  STALENLSS(KM)  AK'  <  M/MIN) 

WEAPON  0.00  20.00  400 

NO  BOMBLETS 


TABLE  A-13.  IMPACT  RANGE  AND  DEFLECTION  STANDARD  DEVIATIONS  (METERS) 


o  o 

O  pj 

•*5  44 


9  «£ 

tr 

CU 


9  <4 

ifl  0- 


e  a 
a  a 


e 

»  N 


9  O' 
■4 


9  a 

w  in 


1/1  -rl 

44  in 


o  *■ 


>o  m 
o  w 


>o  CU  44 

>o  ro 


>0  O  44 

*0  CU  "H 


»0  >0  <H 
-4  FJ  w 


■4  44 

<>  CU  -H 


-O  OJ  -rt 

NO  CU  -h 


-4  (►  44 
•4  44  44 


o  o  44 

■4  4<  44 


UJ  *  *4 

•4  44  44 


*0  CM  *4 

<0  -<4  44 


N  O' 


'O  44 

in  > 


(VI  -4 

in 


33  44 


M  «4 

*  O' 


a  44 

w  o« 


CU  44 

w  o 


a  44 

cu  o> 


44 

a  Os 


N 

a 

>- 

H 

UJ 

>- 

>- 

H 

*  M 

z 

h- 

►- 

-j 

K 

a 

O  3 

UJ 

-1 

H 

_i 

H 

a 

X 

h* 

A  o 

-J 

a 

X 

a 

X 

a 

a 

UJ 

«  X 

<r 

a 

a 

a 

a 

X 

_l 

UJ 

> 

X 

:> 

X 

A 

3  44 

at 

a 

a 

Z  X 

« 

a 

o 

Q 

a 

3 

3 

o  o 

o 

UJ 

3 

3 

J- 

V 

a  A 

44 

X 

-j 

-j 

<x 

44 

M 

C9 

a 

a 

a 

u. 

Ll. 

Ul  Q 

X 

H- 

a 

a 

a 

a 

a 

a 

3  Z 

DISTRIBUTION  LIST 


Commander 

US  Army  Aviation  Center 
ATTN:  ATZQ-D-MA 
Fort  Rucker,  AL  36362 

John  N.  Hobble 
c/o  Kentron  International 
2003  Byrd  Spring  Road 
Huntsville,  AL  35807 

Chief,  Atmospheric  Sciences  01 v 

Code  ES-81 

NASA 

Marshall  Space  Flight  Center,  AL  35812 
Commander 

US  Army  Missile  Command 

ATTN:  DRDMI -RRA/Dr .  0.  M.  Essenwanger 

Redstone  Arselal,  AL  35809 

Commander 

US  Army  Missile  Command 
ATTN:  DRSMI-OG  (B.  W.  Fowler) 

Redstone  Arsenal,  AL  35809 

Commander 

US  Army  Missile  R 40  Command 
ATTN:  DRDMI -TEM  (R.  Haraway) 

Redstone  Arsenal,  AL  35809 

Redstone  Scientific  Information  Center 
ATTN:  DRSMI-RPRD  (Documents) 

US  Army  Missile  Command 
Redstone  Arsenal,  AL  35809 

Commander 
HQ,  Fort  Huachuca 
ATTN:  Tech  Ref  Dlv 
Fort  Huachuca,  AZ  85613 

Commander 

US  Army  Intelligence 
Center  6  School 
ATTN:  ATSI-CD-MD 
Fort  Huachuca,  AZ  85613 

Commander 

US  Army  Yuma  Proving  Ground 
ATTN:  Technical  Library 
Bldg  2105 
Yuma,  AZ  85364 


Dr.  Frank  D.  Eaton 
Geophysical  Institute 
University  of  Alaska 
Fairbanks,  AK  99701 

Naval  Weapons  Center 
Code  3918 

ATTN:  Dr.  A.  Shlanta 
China  Lake,  CA  93555 

Commanding  Officer 

Naval  Envlr  Prediction  Rsch  Facility 
ATTN;  Library 
Monterey,  CA  93940 

Sylvanla  Elec  Sys  Western  Dlv 
ATTN:  Technical  Reports  Lib 
PO  Box  205 

Mountain  View,  CA  94040 

Tetra  Tech  Inc. 

ATTN:  L.  Baboolal 
630  N.  Rosemead  81 vd. 

Pasadena,  CA  91107 

Geophysics  Officer 
PMTC  Code  3250 
Pacific  Missile  Test  Center 
Point  Mugu,  CA  93042 

Commander 

Naval  Ocean  Systems  Center 
(Code  4473) 

ATTN:  Technical  Library 
San  Diego,  CA  92152 

Meteorologist  in  Charge 
Kwajalein  Missile  Range 
PO  Box  67 

APO  San  Francisco,  CA  96555 
Director 

NOAA/ERL/APCL  R31 
RB3-Room  567 
Boulder,  CO  80302 

L1brary-R-51-Tech  Reports 
NOAA/ERL 
320  S.  Broadway 
Boulder,  CO  80303 


Chief 

Intel  Mat  Dev  &  Spt  Ofc 
ATTN:  DELEW-WL-I 
Bldg  4554 

Fort  George  G.  Mead,  MD  20755 

Acquisitions  Section,  IRDB-D823 
Library  &  Info  Svc  Div,  NOAA 
6009  Executive  Blvd. 

Rockville,  MD  20752 

Naval  Surface  Weapons  Center 
White  Oak  Library 
Silver  Spring,  MD  20910 


Commander 

ERADCOM  Scientific  Advisor 

ATTN :  DRDEL-SA 

Fort  Monmouth,  NJ  07703 

Commander 

ERADCOM  Tech  Support  Activity 

ATTN:  DELSD-L 

Fort  Monmouth,  NJ  07703 

Commander 

HQ,  US  A rmy  Avionics  RSD  Actv 

ATTN:  DAVAA-0 

Fort  Monmouth,  NO  07703 


Air  Force  Geophysics  Laboratory 
ATTN:  LCC  (A.  S.  Carten,  Jr.) 
Hanscom  AFB,  MA  01731 

Air  Force  Geophysics  Laboratory 
ATTN :  LYD 

Hanscom  AFB,  MA  01731 

Meteorology  Division 
AFGL/LY 

Hanscom  AFB,  MA  01731 

The  Environmental  Research 
Institute  of  MI 
ATTN:  IRIA  Library 
PO  Box  8618 
Ann  Arbor,  MI  48107 

Mr.  William  A.  Main 
USDA  Forest  Service 
1407  S.  Harrison  Road 
East  Lansing,  MI  48823 

Dr.  A.  D.  Belmont 
Research  Division 
PO  Box  1249 
Control  Data  Corp 
Minneapolis,  MN  55440 

Commander 

Naval  Oceanography  Command 
Bay  St.  Louis,  MS  39529 

Commanding  Officer 
US  Army  Armament  RSD  Command 
ATTN;  DRDAR-TSS  Bldg  59 
Dover,  NJ  07801 


Commander 

USA  Elect  Warfare  Lab 
ATTN:  DELEW-DA  (File  Cy) 

Fort  Monmouth,  NJ  07703 

Commander 

US  Arn\y  Electronics  RSD  Command 

ATTN :  DELCS-S 

Fort  Monmouth,  NJ  07703 

Commander 

US  Army  Satellite  Comm  Agency 

ATTN:  DRCPM-SC-3 

Fort  Monmouth,  NJ  07703 

Commander /D1 rector 
US  Army  Combat  Survl  S  Target 
Acquisition  Laboratory 
ATTN:  DELCS-D 
Fort  Monmouth,  NJ  07703 

Director 

Night  Vision  &  Electro-Optics  Laboratory 
ATTN:  DELNV-L  (Dr.  R.  Buser) 

Fort  Bel  voir,  VA  22060 

Project  Manager 
FIREFINDER/REMBASS 
ATTN:  DRCPM-FFR-TM 
Fort  Monmouth,  NJ  07703 


6585  TG/WE 

Holloman  AFB,  NM  88330 

AFWL/Technlcal  Library  (SUL) 
Kirtland  AFB,  NM  87117 


37 


AFWL/WE 

Kirtland,  AFB,  NM  87117 


TRASANA 

ATTN:  ATAA-SL  (0.  Angulano) 

WSMR,  NM  88002 

Commander 

US  Army  White  Sands  Missile  Range 
ATTN:  STEWS-PT-AL 

White  Sands  Missile  Range,  NM  88002 

Rome  Air  Development  Center 
ATTN:  Documents  Library 
TSLO  (Bette  Smith) 

Griff iss  AFB,  NY  13441 

Environmental  Protection  Agency 
Meteorology  Laboratory,  MD  80 
Rsch  Triangle  Park,  NC  27711 


US  Army  Research  Office 
ATTN :  DRXRO-PP 
PO  Box  12211 

Rsch  Triangle  Park,  NC  27709 
Commandant 

US  Army  Field  Artillery  School 
ATTN:  ATSF-CD-MS  (Mr.  Farmer) 
Fort  Sill,  OK  73503 

Commandant 

US  Army  Field  Artillery  School 
ATTN:  ATSF-CF-R 
Fort  Sill,  OK  73503 

Commandant 

US  Army  Field  Artillery  School 
ATTN:  Morris  Swett  Library 
Fort  Sill,  OK  73503 

Commander 

US  Army  Dugway  Proving  Ground 
ATTN:  STEDP-MT-DA-M 

(Mr.  Paul  Carlson) 
Dugway,  UT  84022 

Commander 

US  Army  Dugway  Proving  Ground 
ATTN:  MT-DA-L 
Dugway,  UT  84022 


Inge  Dlrmhlrn,  Professor 
Utah  State  University,  UMC  48 
Logan,  UT  84322 

Defense  Technical  Information  Center 
ATTN:  DTIC-DDA-2 
Cameron  Station,  Bldg.  5 
Alexandria,  VA  22314 
12 

Commanding  Officer 

US  Army  Foreign  Sci  4  Tech  Cen 

ATTN:  DRXST-IS1 

220  7th  Street,  NE 

Charlottesville,  VA  22901 

Naval  Surface  Weapons  Center 
Code  G65 

Dahlgren,  VA  22448 
Commander 

US  Army  Night  Vision 
4  Electro-Optics  Lab 
ATTN:  DELNV-D 
Fort  Bel  voir,  VA  22060 

Commander 
USATRADOC 
ATTN:  ATCD-FA 
Fort  Monroe,  VA  23651 

Commander 
USATRADOC 
ATTN:  ATCD-IR 
Fort  Monroe,  VA  23651 

Dept  of  the  Air  Force 
5WW/DN 

Langley  AFB,  VA  23665 

US  Army  Nuclear  4  Cml  Agency 
ATTN :  MONA-WE 
Springfield,  VA  22150 

Director 

US  Army  Signals  Warfare  Lab 
ATTN:  DELSW-OS  (Dr.  Burkhardt) 

Vint  Hill  Farms  Station 
Warrenton,  VA  22186 


US  Army  Dugway  Proving  Ground 
ATTN:  STEDP-MT-DA-T 

(Dr.  W.  A.  Peterson) 
Dugway,  UT  84022 


Commander 

US  Army  Cold  Regions  Test  Cen 
ATTN:  STECR-OP-PM 
APO  Seattle,  WA  98733 


38 


